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Publication Title: 

PERMANENT-MAGNET MOTOR 



Abstract: 

Abstract of JP1 1285186 

PROBLEM TO BE SOLVED: To enhance the mechanical strength of a 
permanent-magnet motor during revolving and make effective use of magnet 
torque and reluctance torque. SOLUTION: In an inner rotor-type 
permanent-magnet motor, each of the poles of its rotor core 10 is constituted of 
two permanent magnets 11a, 11b having the same sectorial cross-sectional 
shape, at a specified distance from a d-axis, the center of a pole, and a bridged 
portion k is formed between the permanent magnet 11a and the permanent 
magnet 11b. The two permanent magnets 11a, 11b having the sectorial 
cross-sectional shape are embedded along an arc curved toward the center hole 
12, and the two permanent magnets 11a, 11b having the sectorial 
cross-sectional shape are embedded at equal intervals in the direction of the 
circumference of the rotor core by a number equivalent to the number of the 
poles. Caulking regions 13 are formed in the region between the permanent 
magnets 11a, 11b and the center hole 12, and the regions c between the 
permanent magnets 11a, 11b and the rotor core 10 are widened. Then rivets 14 
are inserted in the regions c. 
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d ttfr effi£raNgg Ifc 2 -cxo^^BfBSlttO^aE 
1 1 a, 11 bT'fl&KU *&8ffil 1 afc*4\Bffil 
1 bfcOHfcflH&ffikfcJBjffU c©2-3£#E!tt(D 
*$UK5l 1 a, 1 1 bS^MtfLl 2lc|pKtTJSo/c3Il 

1 a, 1 1 b*P-^370Ra^{c^ffia^lt 
HH»i»r3 0 S/c, jJcfclKEl la, 1 1 b£* 

Hi la, 1 1 b£o-*:J71 0<DW%t<Dffl<Dffi1$. 
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(2) 

1 

CSS*«l] Xr-*37rtfc«E«&£!fWK8& 
(n-^37) *EHLTfc3*&KESfl«fc43iv 
Tx ffiEa-*P7©l«MJ9%i!Jgffi©4M>T'fc*d 
»fr 5flf£HBHiLfc 2 o©^»iBa«©*&fl£6T' 
fliSU *»oK2t)©ffiiiJitt©*^«5*^»if6?L 
(cfatfTSo/cWc&oTil^L, Mie2 0©»|ffilt»c 
©*&«E*flJEa-* 37©P3a^fc S&«a#£ 

So 10 

[»#«2] Xr-*37rtfc:«E«&l!HB8M> 

tc 2 o©iii»wffiiHtt©^«ET«iis u fr-omm 

ttt&ic, K2o©»fiBB«©*^«5*aK(fiC»?L 
fcfittTJRofc5llfci&r>TSSU ffiE2o©»rE]g:K 
©*^«5*l»EP-*37©R*l»lRlfc:aKS»»« 

ft. 20 
[»#«3] WEWiiiatt©*^«5!:**>?Li:©IB 
©{B«fcttfrLa**JBlSU ffiEo-*37©flfii: 
ttEKiBlK©^aie2:©M©ffi«(ctt U^y h£l 
LT^§II*« 1 f fcfi2E«©*^«5^il«<, 

mm 4 ] iuie i § 2 o©*^«h©h 

l£^iP7v'-h©li£©l{gft^Ll. 5{g£LT 
«BSj: IX^UM® 1 Sfcti 2E»0*&«SWft 

0 

(d-^37) fcEftLTftS^BffittMlfcfe^ 30 
T> ffiED-*37©lSS0%^««ififcLfe»fiBR 
3Iltt©*4\«ET?«lSU *>oK*«©»fiBRaitK©* 

d Mfr ^m^ra»B« LTc2 o-eiust 5 1 1 1 

fc, ^£lftilfc L/c 2 -3©»fiBP3»K©^«5*a 
1 i: L fc 2 o©»f ffiR5M«©*^«5%ifEP - * p 7 

iWLK* & fa **&Bt5 t m$Ml t ©Pi3©®$lc tifr 40 
Lft»*«J*U BufEP-^P7©^fcHuie»fffiP3ai 
#©*&«E© 9 ^MbBp-* 37©n^fcgti5t^ 
&«Efc©l»©1R*fctt!M-;' ^ilLTftSlit^JSS 
EK©*^«5Slft«o 

C»#a7] ilEd«l*^m«iaiHil«iLft»riBP3ffl« 
©*ME©HH*aR37S/- h©IP$© 1 {gfti^L 

i. 5fl5tLTii»aiJfcLr^s^«5Eic©*xa 

[«#Jg8] WE*^UtfBtt7x7>r h«BTft*« 

2, 3. 4, 5, 6$fctt7E«©*&«5* 50 



¥fffl¥ 1 1 -2 8 5 1 8 6 
2 

[H#JS9] S9En-*37*fi*^T*DC^7*> 
bX^-^fcLTftSHM&Bl. 2, 3, 4, 5, 6, 
7 $ felt 8 fe«©7K^^5Sill„ 

[^©ffUBftSffi] 

[000 1] 

i¥l<«p-^p7 (ommmmm^ 

©W*ftfiJfflfcRr££45*$fca-*:J7 (HIE?) © 
[00 0 2] 

[(*#©&»] c©^a5S»a©'ryf-n-^ 

T. 1 A©am^£!fHK&& (p-*p 

7) 2 a, s{jwfffi@«©*^aE 3 * i m% *> i mm 

[0 0 0 3] CCtc, *&«Ete<fc<&£Ktel5 (Xr-£ 
37©*£*&K5i:©ra) ©K*#tfffIE«afcKK:ft 
oTt^Sfc©*:***:, *&«5*IMi©h;l/*TtiT 

= Pn {Oa-Ia-cosj8-0. 5 (Ld-Lq) 
• I 2 • s i n2 0} T*$&tlZ 0 ftfc\ TttHtfjh;!/ 
7, (Da (id, qffi«Wi±©*^KSfc«fc*«» : F»X 
mU Ld, Lqfid, qli^y^^yX, I alt 
d, q$$«Lk©mft?€flit©m /Slid, qg&Nl 
±<DWK? Mffi<D q ftlfr b (Dmfrft , P n ttffiWaT* 
3o j»E»afc*^T, »l«tt*^«EtJ:*v^ 
'yM^T'fct), »2©2Ettdttf>***:/*fc 

qtt>r:'*'**>xfc©Mte<fcoT£i;3y5**>x 

h/!/*T*&5, ft*, PL<«\ T. IEE Japa 
n, Vol. 11 7— D, No 7, 1 9 9 7©fm££# 

[0 0 0 4] Sfc, ffiEBifc**^ &&©*&«& 

7 1 rt©P-2P7&$rffiRWc©7K^f&5£ 1 *9 
2fflEHU o$»)2l«lifitftoTV>S. ctxiituiig 
Lfcl«S9 1ffl<iJt) ©ii^i:it$5LT, dli^y 
^^yXLd*VJ^<, qmy?t?>XLqtfX 

tg(c^t<ftt9, cntJ:0WE»afc:*»t*/<7^- 

^©^y^^yxH (Ld-Lq) ©tfjy*t<, IS 
St-^h^f T*^t<ftS 0 C<D£vl^ V?>7$ 

l«MJ9©*&KS*£lfl*iifc:*tt 
tf, 'J7^^yxh;l/^*<fc0*^Jfflt5Ci:fcft 

[000 5] 



(3) 

3 

5*»«fcfc^T(i» a-*37 2©lsHP$©«ttW» 
gtc HBtf £ i; * C k tfft «. H 5 t^r d - * 37 2 

3©»jea%*t <-rscfcfcfto, HiEKiss^ 

©fl-H t mmfi 3 £ ©P«g©^« a fr 
•*< ftftCfcfrS, ««W»S^«t DffiTt«/£tf 
< , 'J 7 * * X h ;l/ * fc * £ ^ o rMff$i u 

5o 10 

[0006] tfc, £j§«i©*&flfc6**rr*n-* 

37©«£, 1 5 fc*f*4tfte 3 fcH8©V?* 7 h 

[0007] co^ttBaEiMifcji*ft«nfefeoT 

SO, ^©gl$«:n-*:37©@&#©$W3i@©fi 20 
[0 00 8] 

M£ft?i£-f£fcJ6©#®] MEBW*iftS**fc» 
fc, C©«^ttXr-df37rtfcfiK5ai^lS4i8«4> 

T> f}EP-*37©l«3D*SK«©*&TfcSd 

«JSU frol£20©$Tffi®tt©7*^i&5£SI2fKvFL 
{cfatfTSo/cSflUcftoTJI^U HufS 2 o©®rffiItf 

[0 0 0 9] C©^tiXT-^37rt{CiiEJijA§iW 
ttftfr (o-*37) *ElUT4S*&«E*ft«fc: 

Lfc 2 7©n^KiBl«©^Ke?«IA U fro^ 

mtktt>lc. l2^l»(D^i6?:§I^ 40 

»^»t*IBIIifcS»LT4«ck*«F«fcLT^*. 
[0 0 10] c©«^ ffi£»riB»K©*M&BJ:i*>ii> 
?Lfc©IB©i»*fcttfrLi&»*fclSU MfdP-*P7 
©WHfci»E»fiiiH«©*^»Bfc©IB©ia«KH: 'J* 

[00 l l] C©B8ttXr-*37rtfc»B«fcSH 50 
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4 

ttftft *EHLTfcS*&tt5miS«fc 
fcW, j»EP-*37©lffSt)*^JWiai:LfcW 
ffiR9tt#©*&«E?*JSU frol£&JI©®rffiR3flltf 
©*^«S* d «*>6»0rSlfflHK Lfc 2 oT'4M1- § 
tfclc, K$lM££Lfc2o©0nBR^©ikft k 8t5 

Ml*: Lfc2o©(ffiBRg»R©*^at5*lKIEa-dr 
37©RS»lpHcS^ffia^y£t^raHK:aULT4« 

[0 0 12] C©i§£, t5E»r®R3lltt©*^«5©5 
^MIB't I ^ : iltcltjfi^^E5t[Bl*^ILi:©ra©nl 
«fcttfrLfctt*JB«U MIBn-^n7©^i:Mfa 
WfffiR§tt«©*^«H© 3 ^buIBd-^ 3 7©^Ji(cft 

©HPH%aK37'>-h©»*©H&*^bl. 5fg£: 
[0 0 13] *fc, SWB*^«E«47x7-rh«5T?* 

[00 l 4] 

imivmmm wt, c©rw©*«i©»ir*h 
i*^tH4*#j!aLr»L<ttwr*. ft*, h>k 

[oo 1 5] cofmo^mGmtat. m%m 

*JLTn-*37fc ttf&ffifcf&S'f n «\ sunlit fr 
±frt>, *fc*©iMWLTd"riiBH*«SftT/h*< TJ: 

^cfcfr^ *^«E©*waiaiHfeSst«fi*r*«: 

[0 0 16] *©fci&, 01fcJ:tfB2?jVfr<fc9K, c 
©HffiE3ffi©*^«S*l(l«(©n-^37 (fiKESfcS 
WSK«^;WT37i:Er) l Oii, i&!j?>«Mjgffi 
©*&T*fc3 d ttfr &ffi£HNMt L fc 2 o©|f]ffMffiS 
tt©*^«5 (0J;Ui"7x7^b8ffi) 1 1 a, lib 
TilS U fro C © 2 0©»f ®1^©*^«8S 11a, 

1 1 bZ^m^'bH (->-f7hlOl) 1 2tC|o]ttTS 
of*feSTSiL, C©*^«151 la, 1 1 b£ 

nm^mmmb, frimm &mo*MBG 1 1 

a, 1 l b^SffitcgSLTl^o f^#^.n^ m 
a0©*^«5l la, 1 1 bt±, »rSS«©*^«lE 
*SK«©f d«ifci»oT¥»fc:iMWL, fro 
d#fr5»fi)t^mL/cff^ciSBLfct,©-eSao 

[0 0 17] L/cfroT, 1 a, 1 1 b©f B 1 

fcttttlSW k frffM^ ti*fci6, @fifc«t *iSM>*t J: 
*)U7i/-b 1 0 atCfrfr§l573frgML, @^Bt©^ 
ttW3S«©fi±#H5ftSCfcfc:*D, 
©flM14©lS]±frliP>n5o 

[0 0 18] 4*, 1 a, 1 1 b©^©IEil 



(4) 

5 

(Jil&gBk©!!) 1*375/- H 0 a©/P£©l{g7>e> 
1. 5fe£X*£tZtm L<, S/ctK^U&EI 1 a, 

1 1 b(offigp^?>p-^37 1 ommzxvmmit? 
r-y-h i o aop?w±-eS5<ki\ 

[0 0 19] C©li3\ 7*Al&5l 1 a, 1 1 bimt 
mz%i-ofc%i&mViXhZ>t>\ ^<D^il^{i9 OScfcO 
*t<&oT^3 0 C<D^i>S£9 0£cfcD*# <1"3 
i: , jfc&Bffi 11a. 1 1 b (i0 5 lc*-f *4UK5 3 «fc 
Ot^TLl 2fciS<a*©T?, *$\JKE1 la, 11 

[0 0 2 0] C©<t9(Ct5«:fcT% 1 a, 

l l bOBffil*H5K:*"r*X«B3i:Wa«S"t?ll 

tiMMtZZtffX't&o Lfrfe, D-?a710© 
ftJSfc*0UKEl 1 a, 1 1 bi:©lig©£8ctf05te 
*fP-*P71©li£ (fBga#gg) <fcD*>£<, X 
T-*37 1fr£©f&$©8g (KB) 1tWkLX*)7t 
*yxh>WZ*;Z<tZc£ffX*Z>rctb, 
>Xh;^*(SE«J:»)W*Wlfflt*cfcA^*, fro* 20 

[0 0 2 1] P-*p7 1 OfcfifrU&gBl 3 

frLfcSBl 3 «&!!©*&«£ 1 1 a, 1 1 bfcfp&TL 
l SfcOIBoHWfcflBfi-rsaTSMil^K^rtU, 0<J* 
tf qttiK 4oj^jK"TSi:»* o 1)^7 h l 4H\ 

zTmmmmm c flmt/cfljcii-tfr, mi* 

co^K, frU&gPl 3t5«fctfy^y hi 4lcJ:»), 
37f-h 1 0 a©8JB*Kihf *«ttft<, 30 

[0 0 2 2] ftfc, 1 OOSJfifcfc^Ttt, 

37^UX^S*ffll>TgiftyUX-CS«a«i&fl^St 
t, &a!rt , P*»t*T-ftWfc:^JS-r*37«JB^3 

[0 0 2 3] C©7UXinlIg(cfc^T\ *^K51 
1 a, 1 1 b©TOL tiMfLl 2*J:tttM'y h 1 4 
ffl©?L*iT5ftt, H2fcjjtrJ:5fc, ai^i^X 
U 37->-h 1 OaWLW^IIILTD-^a 
7 1 0*$JS*3, Lfr*&, la, lib 40 

©?Lfc*«Lfefi3Xh©7x7-f hflK5*a!»U fr 
ofcAJKEl 1 a, l l b£l©*s?j|£] (p-*371 

o©i^(q)) {ciKft, mtz>o 

[0 0 2 4] 02fC/jVf P-^37 l 0 

[0025] muc-D^xmham^mmt^t, en 

0, 2 4XP-y h©*f—*37l OfcttUffi, Vffife 
«fctfWffi©W&?#tttfS&;£nT*J»K WIfll©**? 50 
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6 

#3SfrUffl. rtgiJ©S^#^Wt§, *©4«® 

m?mffvfflc%ox^zi)\ xn-yh^tifi 

[0 0 2 6] £C3T% MI28ff®l«©*X®5 1 1 
a, 1 1 b*+4>?ll 2(Cifio'W\ tK^KHI la, 1 
1 b£J:Sffl©(Mtf!*J:D**<-f*^ l 

1 a, 1 1 bA«SiW^HIi:ifi^t> o£»,*© 

[0 0 2 7] *CT\ H3K^1*J:9li:, C©f§B£©g 
JB£ffi©JBt£©a-*37 2 Oii0 1 fcTOcfrffiltt 
©*4\«E2 1 a, 2 1 b£l^LTV.5fr, C©7fcX 
$52 1 a, 2 1 bK«fc5fla©ff^ft*9 0Si:U fr 
OC©*4\flSS2 1 a, 2 1 b©-i^g|5 (P-#37 2 
0©flgfflJ©J8Sl9 *it^tCltfto 03$, 

0 i tm-mum-fimtttLxmmwzmt 

§ 0 $/Cs *&«E2 la, 2 1 Mi0 1 fc*-t*AJR 
El la, 11 b£#{SLT^S 0 

[0028] zvmmBmmmmiz&zt. * 

1 a, 2 1 btf^*H$T-tKvfLl 2kj£"3 
$fc*©#*4\«E2 1 a. 2 1 b©3i§g|5fr§<& 
§ 0 cftfc<J:tK tJc^«E2 1 a, 2 1 b©lfr£<& 
0, V^y h b;l/* CtfrT'f So £ 
fc, *^«52 1 a, 2 1 b©i|»fc*^Ttt«ltt'C 
fe3/c#K B?S-r5Sffi©jJc^ai52 la, 2 1 btik 
>hWS2 1 a, 2 1 bilTOCSO, V?**y 
h h;l/*©*r^JJfl#H5n*. 
[0 0 2 9] $7c, 7|c^iiH2 1 a, 2 1 b©ff^i5 

2 1 ztiMKWSZ 1 bi:©S§li (ffitSffik©4i) tfu 
7i/- H©)f («*«*©»«© 1 1 . 5 
fi§f*T*) fcU $fc*^JKE3 1 a, 31b. 32 a, 

3 2 b©(HW**5fcD-*37 3 0©flJi$"e©E** 
P7^-h©Jf^W±tcLT^§A^T-^§o 

[0 0 3 0] Lfrfc* 7K^fS52 1 a, 2 1 b©^5* 
(corii, IWSIMS©eil4:Riefifc-r5«:fctf RTIg-p 
SO, oS<9v^«y hh;l/^©^fijffl^Rltg-eS 
§o a-^37 2 0©^JSIi:*^a52 1 a. 2 

1 bi:©iai©jS«d*^»3l£<ft5ci:^6fe, Xf- 
*37 2 0*^©«*©IS ««J:0«ffSn, d 
*tqlfc©-ry^*yX« (Ld-Lq) ©ffiab^f 

[o 0 3 1 ] 0 4 tt*:©^©^©^)^©^^^* 

tm~micim~m*ttLxmmiwt5o h<d^ 
m^mmmxit. 1 *> *»fiiRa«©*^«E* 

^l«iifcU SS©»fSR3tt«©7jc^«85*BU^Lfc 
*^«Efc|B|i;<, d«K»oT*»K»ilU *Od 



(5) 

7 

[0032] B4K£lAt, CO*^i6iilOD- 
£□73 014, lffiMS9*^ffi©*&T*&3d«l*p5 
m^MMRI L fc 2 #©*rffiR3lltt©*&«B 3 1 a , 3 
lb, 3 2 a, 3 2 bT'fllJSU *^2*«ll fcLT^ 
S, COW, 2«f©WiBR5ItK©*aJKE3 1 a, 3 
lb, 32a, 3 2b*3K«M>ftl 2fcflWTKofc 
Mtj&oTfflRU -3*?)*^«E3 la, 3 1 M4P 
DMtCftoTfcD, *AJKE3 2a. 3 2b(i*©iOI© 
rtMfcftSHfcfflfcitBT^S. *LT, 
«tf=fflHffi€-*T*&n(f, 7lc^{iS3 1 a, 3 1 10 
b, 3 2 a, 3 2b*l®tlXPimyjfolC4mEW 
U aoRft* 3ffi©*&Bffi3 la. 3 1b, 3 2 

a, 3 2b%sffifcata-r«o 

[0 0 3 3] ft*, *AJ8S3 1 a fc*$UKE3 1 b k 
©eflJ3J:tf*AJffi3 2 a k*^«E3 2 b t(D^M 
14, 37->-hOJP«W± (W*.tf*©J»S©lffi*»& 

1. 5«St?) fcU *&«53 1 a, 3 1 b, 
3 2 a, 3 2b©ISaJfr6ka-*=i73 0OnjaS'F 

[0 0 3 4] CC^OiC^iCfSllCtSt huH 20 

SE«o^li:|Bl^(c, o-*37 3 0©rtJM5fcfl.||»i: 

37 3oo»ttW3Sfi («*:@ki$©»s) m±zm 

[0 0 3 5] £fc, *X«E3 1 a, 3 1b, 3 2 a, 
3 2b*R9H«fcLT^5<lt*^, A»L*»13*» 

tf&So *$UBB3 la, 3 1b, 3 2 a, 3 

2btf£l«j2n?&*i:fcfr&, «S0l*£<l/T7 30 

[0 0 3 6] ft*, Bu2LfcP-*37 1 0, 2 0, 3 

0£ D C 77i/UZ*-*lzm U mt* £fuisa« 
©py^Uytf^fcaffltfttf, £Mif ftH$©14 f&7 y 
7, M«ttOlfll±tfHn*. 
[003 7] 

«0H*«lSf80«Wtcj:Si:, Xr-2P7rt(cfS 40 
(u->37) *EHLTft**&« 

©f&T'&S dfftfrSpfiOTiiiLfc 2 ^©ISHBBriBH 
tt<D7*4M&5T-$fi)cU *oc©2 0©»rfl5M#©*& 

l52 00»faiSttO*^aE«:HuiEP-^=i70RJi^ 
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(TO £BI«l/C'J7**Xh/-l/*©Ji**BD, v 

[0038] m%miffi<D%mc&st. xt-*p 

7rtfc«ESi^ll8Hfo& (n-*37) £ESLTft 
3*^£eM${c£i>T, fjiBn-^37©lffiao 
* d tt*&ffi£Nmi/fe 2 o©PJg»fiB®«©7jc^a 
HT*4MU /poK»fiiHtt©iffiW*Sil[l2P-^37© 
^H^riRlfcilftttfcgtfttfctfc, c©2o©^ffil 

RU Bufa2-?©KffiS^©7jc^5^tufriP-^P7 

T\ ^ffi©^^SUfc«U8a5 (p-^37©^^^^^ 
»fc**Bt*»4» WtSCifr^ M9©fll 
*SW»fi©[Rl±%ia5Cfc3b<T*t, CH^Tti*-*©!! 
«tt*K*SCfc^"Pf « 0 Xr-*37*»5© 
««©«S (TO ©fiB**«fc*>l£<««l/cy7**X 
h;l/^©if^0O, -?7*-yhh/l/? 'J7 
£* yx I- /P^©*«Wflffl*WliT** fc v * 3 Sfc&tf & 

[0 0 3 9] »*S3E«©»WtJ:*i:, ffl#fll £ 
fcJ4 2 icfct^T, HWB*rffliH«©*^«5i:4'i^Lfc© 
HOBttfcttfrbftaKMBlSU ffltEa-*37©ftJS 
fcWE»fifliltt©*^K5i:©iai©1B«fc:a: U^h* 
ILTftSOT*, H^l *fctt2©Jft*tjta*» =17 
•>-h©«J6*l»]tU ««Wa«*J:0*»*c:fc*< 

[0040] mimAum>w®ic&z>t, tm\wt 

m.*% 20©*^«5©fflB*SK3 7'>- h©P£ 
©lfgft^Ll. 5{g£LT^$g|$£LT^3©?\ II 

#e i sfett 2 ©^mfcjtox., L-caiittfttt 
e©ffit?^+»T* o , u^t) *©«8*©<iwti&^ 

^ffi©«egfc»»*R^tctt,ft<, 
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